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(54) ON-VEHICLE RADAR ANTENNA 

(57) Conventional plastic processing teclinology 
can be used to manufacture a radome through which 
electromagnetic waves for radar with high frequencies 
of several tens of gigahertz can pass with good trans- 
mission efficiency, and wfhich amply protects transmit- 
ting and receiving antenna elements from wind and rain; 
The angle of incidence of electromagnetic waves at the 
surface of the radome is set to be approximately equal 
to the Brewster angle, said radome being formed froni a 
dielectric material, facing the direction of vehicle travel, 
and covering the antenna elements which transmit and 



receive electromagnetic waves. The thickness of the 
radome where the electromagnetic waves pass through 
it is set to 0.5 X nxg (where n is a natural number and X,g 
is the guide wavelength of the electromagnetic waves in 
the dielectric material). A device capable of allowing 
electromagneticwavesatfrequenciesof 50to 100 GHz 
to pass through it to an ample extent for practical pur- 
poses can be formed, and is both small and lightweight. 
These frequencies are those expeded to be allocated 
. to vehicle-mounted radar devices. 
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practical antenna de\^ice with a small size construction suitable for mounting on a vehicle. 
Disclosure of the Invention 

5 The present invention provides an antenna device wherein the angle of incidence of electromagnetic waves at the 

surface of the radome covering the antenna element, and the thickness of the radorne where the electromagnetic 
waves pass through it, are specified, thereby enabling the technically optimum electromagnetic wave transmission 
characteristics to be obtained given the properties of the material comprising the radome. 

Namely, according to a first aspect, the present invention is a vehicle-mounted radar antenna fitted to a vehicle and 

10 comprising, facing the direction of vehicle travel, an antenna element for transmitting and/or receiving electromagnetic 
waves, and a radome formed from a dielectric material and covering this antenna element; wherein the angle of inci- 
dence (6) of electromagnetic waves at the surface of the aforesaid radome is prefer^ly set to within ±5° of the Brewster 
angle, and more preferably to witNn ±2° of the Brewster angle, so that said angle of incidence approximates to the 
Brewster angle. In this specification, the frequencies of interest as regards transmitted and/or received electromagnetic 

IS waves are 50 to 100 GHz (wavelengths of 6 mm to 3 mm). The transmission characteristics of electromagnetic waves 
with these frequencies rapidly improve as the Brewster angle is approached. 

When electromagnetic waves are incident on the surface of a radome covering an antenna element, the transmis- 
sion characteristics of the radome improve as its reflectivity approaches zero. Maximum transmission efficiency can be 
obtained for an incident electromagnetic wave if its angle of incidence is set to the Brewster angle, at which reflectivity 

20 is close to zero. This Brewster angle differs according to the nature of the dielectric material. For example, if an acrylic 
resin is used, the Brewster angle will be 58°. A practical plastic molded radome can be obtained if the Brewster angle 
of the particular dielectric material which it is intended to use is found in advance by separate measurements and the 
antenna element is set up to give this angle. It is difficult to ensure that the angle of incidence is exactly the Brewster 
»igle and therefore in an actual device the angle of incidence is preferably set to within ±5" of the Brewster angle and 

25 more preferably to within ±2° of the Brewster angle. 

As mentioned above, the frequency of the electromagnetic waves used for vehicle-mounted radar devjces is 
expected to be approximately 60 GHz in Japan and approximately 77 GHz in Europe and America. Consequently, if tt 
is known in advance that electromagnetic waves for radar will be in the range 50 to 100 GHz, it will be possible to cope 
to a greater or lesser extent with the frequency allocated in any country. 

30 According to a second aspect the present invenfion is a vehicle-mounted radar antenna fitted to a vehicle and com- 
prising, tedng the direction of vehicle travel, an antenna element for transmitting and/or receiving electromagnetic 
waves, and a radome formed from a dielectric material and covering this antenna element; wherein the thickness of the 
aforesaid.radome where the electromagnetic waves pass through it is set to: 

35 0.5 X nX,g 

where n is a natural nunnber and Xg is the guide wavelength of the electromagnetic waves in the aforesaid dielectric 
material. The frequency of the transmitted and/or received electromagnetic wave is taken to be 50 to 100 GHz (wave- 
length of 6 mm to 3 mm). 

<o This second aspect of the invention will now be described in greater detail. A careful study of the transmittance of 
electromagnetic waves passing through a radome covering an antenna element showed that, talong radome thickness 
along the horizontal axis and transmittarice along the vertical axis, the transmittance characteristic has a general ten- 
dency to deaease with increasing thickness, but that it also di^lays, superimposed on this general trerKi, a variation 
with an approximately constant period. An example of the results of measurements of this characteristic is given in FIG. 

45 6. This behavior will be easier to understand if we consider the case where the wavelength of the transmitted ielectro- 
magnetic wave is comparable with the ttiickness of the Radome, and then analyze the relation between thickness arid 
transmittance as being the result of two factors. 

The first factor is energy loss of the transmitted electromagnetic wave in the dielectric material comprising the 
radome. said energy loss being due to the effect of the imaginary component of the transmittance of that dielectric 

so material. For a specific dielectric material, the energy lost by a transmitted electromagnetic wave is directly proportional 
to the distance through which the electromagnetic wave passes. In other words, this first factor is the factor which 
results in the transmittance characteristic having the general tendency to decrease with increasing radome thickness. 

The second factor arises from the fact that, because the permittivity of the. dielectric material' comprising the 
radome is greater than the permittivity of air, repeated reflections of the electromagnetic wave will occur at the two sur- 

55 faces of a planar radome. The plurality of reflections occurring at these two surfaces result in electromagnetic waves 
with identical directions of propagation, which mearis that interference will occur in accordance with their mutual phase 
relationships. As a result, considered as a function of radome thickness, the transmittance of an electromagnetic wave 
will have a sine wave characteristic. Because the wavelength of an electromagnetic wave within a dielectric material 
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prises, facing the direction of vehicle travel, transmitting antenna element la for transmitting electromagnetic waves, 
receiving antenna element lb for receiving reflected waves from obstacles, and radbme 2 formed from a dielectric 
material and covering transmitting antenna element 1 a and receiving antenna element lb. 

The angle of inddence e of the transmitted wave and the received wave at the surface of radome 2 is set approxi- 
s mately equal to the Brewster angle, and the thickness t of radome 2 where the electromagnetic waves pass through it 
is set to: 

0.5 X nX,g 

10 where n is a natural number and Xg is the guide wavelength of the electromagnetic wave in the dielectric material. 
Rddome 2 is a box structure formed from a dielectric material. Transmitting anterina element la and receiving antenna 
element lb are mounted within this box structure, which is provided with fixtures 3 having mounfing holes 3a for fitting 
it to a vehicle body. 

Attenuator 4 and mixer 5 are connected to transmitting antenna element 1a, and oscillator 6 is connected to atten- 
1S uator 4. Mixer 5 is also connected to receiving antenna element lb, and amplifier 7 is connected to this mixer 5. 

Radar device casing 1 1 is mechanically joined to radome 2 by way of packing 1 2 and by means of fixing saew 1 3. 
Housed within radar device casing 1 1 1s the radar device proper, comprising: A/D corwerter 14 to which Is input the out- 
put trom amplifier 7, and which performs analogue-to-dlgital conversion; current detection circuit 15 for detecting the 
value of the electric cunrerit; fast Fourier transform circuit 1 6 which receives the output of A/D converter 1 4 and performs 
20 a fast Fourier transform on it; computer unit 17 to which is input the outputs of fast Fourier transform circuit 16 and cur- 
rerrt detection circuit 15, and which calculates the inter-vehicle distance; and oscillator output control drcuit 18 which 
sends a control signal to attenuator 4 and amplifier 7 under control of computer unit 1 7. 

Rear cover 21 is fixed to the rear opening of radar device casing 1 1 by way of packing 1 9 and by means of mounting 
screws 20, whereby the inside of the casing is sealed. 
2S Indiicator 24 is cGsposed at the driver's seat, said indicator comprising inter-vehicle distance warning lamp 22 and 
fouling warning lamp 2'3. Indicator 24 lights in response to a warning output from computer unit 17, thereby giving a 
yvarnlng. 

As showm In FIG. 3, vehicle-mounted radar device 10 according to a first en*odiment of this Invention, and consti- 
tuted as desaibed above, is fixed to bumper 25 using mounting fixtures 3, so as to face the direction of vehicle travel. 

30 The angle of incidence e of electromagnetic waves at the surface of the radome is sd for the dielectric material to 
be used after the Brewster angle of this dielectric material has been -measured in advance. An explanation will now be 
given of the measurements performed in order to be able to set the angle of incidence 6 of the electromagnetic waves. 
It is a condition of the present invention that the frequencies to be allocated to veNcle-mounted radar devices will be in. 
the range 50 to 100 GHz (wavelengths of 6 mm to 3 min), but the explanation given in this instance relates to measure- 

35 ments using dectromagnetic yvaves of 60 GHz, which is the frequency expected to be allocated in Japan. FIG. 4 shows 
the constitution of tiie main parts of a reflection coefficient measuring device for setting the angle of incidence. The 
measurements were perfbrrried as follows. Namely, acrylic resin test piece 32 serving as the dielectric material was dis- 
. posed in front of electromagnetic wave absorber 31, electromagnetic waves oil 60 GHz generated by ta-ansmitter 33 
were emitted from ti'ansmitfing antenna 34 at various angles of elevation On to tiiis test piece 32, and for each of these 

40 angles of ejevation On receiver 36 received the reflected wave via receiving antenna 35. Sairples of dielectric material 
witii thickness t of i. 1 1 mm, 3.03 mm and 5.03 mm were used as test piece 32. 

The rdation between angle of elevation en and reflection coefficient R as obtains! by measurements is shown ]n 
FIG. 5. This shows that whatever the thickness t of the test piece, the reflection coefficient R exhibited a nftinimum value 
when the angle of elevation On was approximately 58°. A mininium value of the reflection coefficient R means that when 

4S ■ electromagnetic waves are transmitted at that angle (6n = 58°), the proportion of electromagnetic radiation passing 
through test piece 32 is greatest. It follows that transmission efficiency can be maximized by setting the angle of inci- 
dence e of the electromagnetic waves shown in FIG. 1 to approximately the Brewster angle characteristic to the mate- 
rial. 

l^e reflection coefficient R can be obtained by means of the following formula. 

50 

R, 1-exp(-j^8) 

1-Rp^exp(-j^5. ' 
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n^Vl-sin^e-//n^-sin^e 
n^7l-sin^e+7n^-sin^e 



kg : coefficient 

n : refractive index nr-jrlj 

n, : real part of refractive index 

rij: imaginary part of refractive index. 

10 

FIG. 6 shows the relation between thici<ness t of dielectric material and transmittance T of an electromagnetic wave 
of frequency 60 GHz. This relation is shown for acrylic resin, polycarbonate resin, ABS resin, and Teflon resin. These 
results show that transmittance does not decrease in direct proportion to an increase in thickness. For example, in the 
case of acrylic resin, although transmittance at a thicfaiess of 2.3 mm is 87%, at a fliickness of 3.1 mm the transmit- 
is tance rises to 95%. It decreases to 85.5% at 3.9 mm but rises again to 93% at 4.6 mm. 

This characteristic can be utilized both to satisfy the mechanical strength requirement and to select a thickness t at 
which a high transmittance T will be obtained. For example, when acrylic resin is used, setting thickness t to 4.6 mm 
enables a fransmittance T of 93% to be obtained. 

For a qualitative explanation of the characteristic exemplified in FIG. 6, please refer to the detailed explanation 
20 which was given above in "Disclosure of the. Invention". 

As has been explained above, the present invention enables conventional plastic processing technology to be used 
to manufacture a radome through which electromagnetic waves for radar with high frequencies of several tens of giga- 
hertz can pass, and which amply protects an antenna element from wind and rain. The present invention also enables 
a practical device with a small size construction to be implemented inexpensively. 
2S . . ■ • 

Second Embodiment 



FIG. 7 is a perspective view showing the external appearance of a vehicle-mounted radar antenna according to a 
second embodiment of this invention. 

30 A vehicle-mounted antenna element according to a second embodiment of the present Invention comprises the 
antenna element and radar device proper pertaining to tiie first embodiment and illustrated in FIG. 1 . TTie antenna ele- 
ment comprises transmitting antenna element 1a, receiving antenna element lb, attenuator 4, mixer 5, oscillator 6 and 
amplifier 7. The radar device proper comprises A/D conyertisr 14, current detection circuit 15, fast Fourier transform cir- 
cuit 16, computer unit 17 and oscillator output control circuit 18. However, in this second embodiment, the antenna ele- 

35 . ment and the radar, device prqier are both housed within casing 40 which has beeri molded as a single box structure. 
Fixtures 41 having mounting holes 41 a are formed on casing 40, and rear cover 21 is fixed to the rear of casing 40 by 
way of packing 19 and by means of mounting screws 20. 

The angle of incidence 0 of the electromagnetic waves at the radome surfeice, and the thickness t of the radome 
portion, of a vehicle-mounted radar antenna according to this second embodiment of the invention thus constituted are 

40 set in the same manner as in the first embodiment. 

This second embodiment gives the same effect as the frst embodiment and has the advantage that because all 
cornponents are housed in one casing, the numtier of parts is reduced. 

Clainis 



1. A vehicle-mounted radar eintenna fitted to a vehicle and conprising, facing the direction of vehicle travel, -an 
' antenna element for transmitting and/or receiving electromagnetic waves, and a radome formed from a dielectric 
materiial and covering this aintenna element; 

wherein the angle of incidence (9) of. electromagnetic waves at tfie surface of the aforesaid radon^e is set to 
so within ±5° of the Brewster angle. 

2. A vehicle-mounted radar antenna according 1o claim 1 , wherein the frequency of tiie Electromagnetic waves is 50 
to 100 GHz (wavelength of 6 mm to 3 mm). 

55 3. A vehicle-mounted radar aintenna fitted to a vehicle and comprising, facing the direction of vehicle travel, an 
antenna element for transmitting and/or receiving electromagnetic waves, and a radome formed from a dielectric 
material and covering this antenna element; . , 

wfierein the thickness df the aforesaid radome where the electromagnetic waves pass through it is set to: 
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angle of elevation 6 n (deg> 



FIG.5 
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20 Mounting Screw 




Mounting Fixture 

FIG.7 
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